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DETAILED ACTION 

Claim Rejections - 35 USC § 112 

1 . The following is a quotation of the second paragraph of 35 U.S.C. 1 12: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 

2. Claims 1-17 are rejected under 35 U.S.C. 1 12 5 second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant regards as 
the invention. 

Regarding claims 1, 3, 7, and 8 (all other claims by virtue of dependency), the inclusion 
of material within parentheses renders the claim indefinite because it is unclear whether these 
limitations are part of the claimed invention. For claims 1 and 3, since a BMD need not 
necessarily be an oxygen precipitate, it is unclear as to whether the claimed invention is limited 
to oxygen precipitates only, or whether other BMDs could be applied instead. For claims 1, 3, 7, 
and 8, the inclusion of (ASTM F-121, 1979) makes it unclear as to whether the claim specifically 
requires measurement of the oxygen concentration according to the method of the ASTM 
guidelines, or whether the (ASTM F-121, 1979) is merely an example of how the concentration 
could be measured. 

For the purpose of examination, it is assumed that none of the material within the 
parentheses is an actual claim limitation, such that the BMD must be an oxygen precipitate, and 
the oxygen concentration need not be measured according to the ASTM guidelines. 
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Regarding claims 1-6, the claims recite a limitation of a density of lx 10 4 /cm 2 in the 
wafer. Since the specific density unit refers to a surface density and not a volume density, it is 
unclear as to how the specified density could refer to the volume article of a wafer. Thus, the 
Examiner is unclear as to whether claims 1 and 3 refer to a BMD density of lx 10 4 /cm 3 or more 
throughout the wafer, or whether the claims refer to a BMD density upon an outer surface of the 
wafer of lx 10 4 /cm 2 or more. 

For the purpose of examination, it is assumed that the BMD density is lx 10 4 /cm 3 or 
more throughout the wafer 

Claim Rejections - 35 USC § 103 

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

4. Claims 1, 2, 5 1 and 6 ! are rejected under 35 U.S.C. 103(a) as being unpatentable over 
U.S. Patent No. 6,544,656 to Abe et al. in view of Japanese Patent Publication 10-150048 to 
Sueoka (cited by Applicant) and U.S. Patent No. 5,502,331 to Inoue et al. (cited by Applicant) 

Abe discloses a high resistance silicon wafer and method for forming such a wafer 
(column 5, lines 45-57), the wafer having a resistivity of 100 ohm-cm or more (column 10, lines 
55-58; figure 1), wherein an oxygen precipitate having a size of 0.2 microns or more (column 9, 
lines 10-16) is formed so as to have a high density throughout the wafer (column 9, lines 10-16), 
an oxygen concentration of 12 x 10 17 atoms/cm 3 or less (column 11, lines 10-15; figure 2), 
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wherein a heat treatment process to form an oxygen precipitate nucleus and a heat treatment 
process for growing the oxygen precipitate on the primary silicon wafer are employed (column 
13, lines 1-40; figure 3). Abe further indicates that for the specific ranges of oxygen 
concentration, the restivities fall into the claimed ranges (see table 1 and figure 1), and that the 
disclosed method will result in a denuded zone layer formed in the surface of the wafer (column 
8, lines 28-35) 

Abe fails to teach a carbon concentration as claimed. Abe further fails to specify an 
oxygen precipitate density of exactly lx 10 4 /cm 3 , or the exact depth of the denuded zone 

Sueoka teaches that inclusion of carbon having a concentration of greater than 0.5 x 10 
16 atoms/cm3 (Sueoka, paragraphs 0010, 0013-0014) into a high resistivity silicon wafer 
including the oxygen precipitates in a manner similar to that in Abe (see Sueoka, paragraphs 
0003-0004) will reduce occurrence of slip dislocations in the wafer (Sueoka, paragraphs 0033- 
0035). 

Inoue indicates that high resistivity silicon wafers including methods similar to that in 
Abe (Inoue, columns 3-4) can result in BMD densities in a range encompassing the claimed 
value (see Inoue, column 2, lines 18-25, column 3, lines 40-42). Inoue also indicates that the 
denuded zone is about 10 microns deep (Inoue, column 1, lines 53-55), and that the method 
results in LPDs having a total surface density of less than 0.06 /cm 2 (see table 2). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to modify the wafer of Abe, such that it includes carbon at the specified concentration, 
as suggested by Sueoka, and such that the BMD density is lx 10 4 /cm 3 , with a denuded zone of 
greater than 5 microns and a LPD in the range specified, as suggested by Inoue. The rationale is 
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as follows: A person having ordinary skill in the art would have been motivated to include 
carbon at the specified concentration, because Sueoka shows that inclusion of carbon will reduce 
the occurrence of slip dislocations in the wafer, thus improving the quality and yield for the 
wafers (Sueoka, paragraph 0007). It is further obvious to specify a BMD density falling in the 
range of 5x 10 2 /cm 3 -5x 10 6 /cm 3 , a denuded zone of 10 microns, and an LPD density less than the 
claimed limit, because Inoue indicates that the presence of a large density of BMD defects within 
the 10 microns from the surface of the wafer and LPDs on the surface of the wafer lead to 
defective failure in the devices produced on the wafer, decreased yield, and increased breakdown 
and failure rates (see Inoue, table 2, column 1, lines 60-67; column 4, lines 25-37, column 5, 
lines 10-20 and 40-54). Although none of the applied references specifically teach a value of lx 
10 4 /cm 3 , it has been held that "where the general conditions of a claim are disclosed in the prior 
art, it is not inventive to discover the optimum or workable ranges by routine experimentation." 
In re Aller, 220 F.2d 454, 456, 105 USPQ 233, 235 (1955). 

5. Claims 3, 6 3 , 8, 9 8 -12 8 , 15 8 , and 16 8 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over U.S. Patent No. 6,544,656 to Abe et al. in view of Japanese Patent Publication 
2001-217251 to Muroi et al. (cited by Applicant). 

Regarding claims 3, 6 3 and 8, Abe discloses a high resistance silicon wafer and method 
for forming such a wafer (column 5, lines 45-57), the wafer having a resistivity of 100 ohm-cm 
or more (column 10, lines 55-58; figure 1), wherein an oxygen precipitate having a size of 0.2 

4 3 

microns or more (column 9, lines 10-16) is formed so as to have a density of lx 10 /cm or more 
throughout the wafer (column 9, lines 10-16), an initial oxygen concentration of about 12.5 x 
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10 17 atoms/cm 3 (column 11, lines 15-35), and a final oxygen concentration of less than 12 x 10 17 
atoms/cm 3 (column 11, lines 10-15; figures 1- 2), wherein a heat treatment process to form an 
oxygen precipitate nucleus and a heat treatment process for growing the oxygen precipitate on 
the primary silicon wafer are employed (column 13, lines 1-40; figure 3). Abe further indicates 
that for the specific ranges of oxygen concentration, the restivities fall into the claimed ranges 
(see table 1 and figure 1). 

Abe is silent as to a density of a grown-in defect detected by seco etching. Abe further 
fails to specifically teach an initial oxygen concentration of 14 x 10 17 atoms/cm 3 or more. 

Muroi teaches that for a high resistance silicon wafer including oxygen precipitates (see 
paragraphs 0001-0002) as well as initial oxygen concentrations similar to that disclosed by Abe 
(see paragraph 0004) and including heat treatment processes similar to that of Abe (see 
paragraph 0005), it is expected that a density of a grown-in defect detected by seco etching is 
about 1 x 10 3 /cm3 would be detected (paragraph 0015). Muroi further indicates that an initial 
oxygen concentration of 14 x 10 17 atoms/cm 3 or more is suitable for forming a low defect, high 
resistance silicon wafer (paragraphs 0004-0005). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to specify in the method of Abe that the density of a grown-in defect as measured by 
seco etching is about 1 x 10 3 /cm3, as suggested by Muroi, and that the initial oxygen 
concentration is 14 x 10 17 atoms/cm 3 , as suggested by Muroi. The rationale is as follows: A 
person having ordinary skill in the art would reasonably assume that since the initial conditions 
as well as methods in Abe and Muroi are similar, both to each other and to the methods disclosed 
by the Applicant, that similar grown-in defect densities would result from either method. Thus, 
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it is reasonably expected that the grown-in defect density as measured by seco etching for the 
device of Abe would fall within the claimed range. Alternately, it is expected that the methods 
of Muroi could be employed to ensure a low grown-in defect density, in order to improve the 
crystallinity of the wafer, and thereby decrease current leakage as well as improve optical 
characteristics of the wafer (see Muroi, paragraphs 0002, 0015). A person having ordinary skill 
would further utilize an initial oxygen concentration of 14 x 10 17 atoms/cm 3 , since Abe indicates 
that the oxygen concentration is optimized to be sufficiently high to produce the desired density 
of oxide precipitates acting as getters, and sufficiently low that the wafer strength is not degraded 
(Abe, column 11, lines 25-40), and since Muroi further teaches that 14 x 10 17 atoms/cm 3 is a 
suitable initial concentration (Muroi, paragraphs 0004-0005). Although Abe fails to specify a 
grown-in defect density and initial oxygen concentration as claimed, it has been held that "where 
the general conditions of a claim are disclosed in the prior art, it is not inventive to discover the 
optimum or workable ranges by routine experimentation." In re Aller, 220 F.2d 454, 456, 105 
USPQ 233,235 (1955). 

Regarding claims 9 8 -12 8 , 15 8 and 16 8 , Abe further teaches that the heat treatment process 
sequentially includes an oxygen outward diffusion heat treatment at 1 100 degrees C for 2 hours 
(first step in figure 3E); a RTA treatment in a nitrogen atmosphere at 1250 degrees C for 10 
seconds (second step in figure 3E); a treatment for forming an oxygen precipitate nucleus at 800 
degrees C for 4 hours (third step in figure 3E), and a heat treatment for growing the oxygen 
precipitate on the primary silicon wafer at 1000 degrees C for 16 hours (last step in figure 3E; 
also see table 1). 
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Abe fails to teach that the treatment for forming the oxygen precipitate occurs for 5 hours 
rather than 4 hours. 

Muroi teaches that the treatment for forming the oxygen precipitate may last 5 hours 
(paragraph 0007). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to modify the time for the oxygen precipitate forming heat treatment in Abe, such that 
it is 5 hours, as taught by Muroi. The rationale is as follows: A person having ordinary skill in 
the art would have been motivated to use a 5 hour long heat treatment, because Muroi shows that 
such a duration is suitable for forming the high quality, low defect wafer, and may generally be 
used interchangeably in place of a 4 hour duration (Muroi, paragraph 0007). It is further 
reasonably expected that a person having ordinary skill in the art would select a heat treatment 
duration through routine optimization, such that the time is sufficiently long to form the oxygen 
precipitate nucleus, but sufficiently short so as not to unduly increase the fabrication time of the 
wafer. Although Abe fails to specify a 5 hour long oxygen precipitate forming heat treatment, it 
has been held that "where the general conditions of a claim are disclosed in the prior art, it is not 
inventive to discover the optimum or workable ranges by routine experimentation." In re Aller, 
220 F.2d 454, 456, 105 USPQ 233, 235 (1955). 

6. Claims 4 and 17 are rejected under 35 U.S.C. 103(a) as being unpatentable over Abe et 
al. in view of Muroi et al. as applied to claims 3 and 8 above, and further in view of Sueoka. 
Abe fails to teach inclusion of carbon at the specified concentration. 
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Sueoka teaches that inclusion of carbon having a concentration of greater than 0.5 x 10 
16 atoms/cm3 (Sueoka, paragraphs 0010, 0013-0014) into a high resistivity silicon wafer 
including the oxygen precipitates in a manner similar to that in Abe (see Sueoka, paragraphs 
0003-0004) will reduce occurrence of slip dislocations in the wafer (Sueoka, paragraphs 0033- 
0035). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to modify the wafer of Abe as modified by Muroi, such that it includes carbon at the 
specified concentration, as suggested by Sueoka. The rationale is as follows: A person having 
ordinary skill in the art would have been motivated to include carbon at the specified 
concentration, because Sueoka shows that inclusion of carbon will reduce the occurrence of slip 
dislocations in the wafer, thus improving the quality and yield for the wafers (Sueoka, paragraph 
0007). 

7. Claims 5 3 , 13 8 , and 14 8 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Abe et al. in view of Muroi et al. as applied to claims 3 and 8 above, and further in view of Inoue 
et al. 

Regarding claim 5 3 , Abe teaches that a denuded zone occurs in the surface of the wafer 
(column 8, lines 28-35), but fails to specify the depth of the denuded zone. 

Inoue also indicates that the denuded zone is about 10 microns deep (column 1, lines 53- 

55). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to specify that the denuded zone in Abe as modified by Muroi is over 5 microns deep, 
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as suggested by Inoue. The rationale is as follows: A person having ordinary skill in the art 
would have been motivated to specify a sufficiently deep denuded zone depth, because Inoue 
indicates that the presence of a large density of BMD defects within the 10 microns from the 
surface of the wafer lead to defective failure in the devices produced on the wafer and decreased 
yield (see Inoue, column 1, lines 60-67; column 4, lines 25-37, column 5, lines 40-54). 

Regarding claims 13 8 and 14 8 , Abe fails to teach performing the oxygen outward 
diffusion heat treatment in a nitrogen, hydrogen, argon, or mixed hydrogen/argon atmosphere. 

Inoue indicates that hydrogen, argon, and nitrogen atmospheres may be employed for 
performing an oxygen outward diffusion heat treatment (column 1, lines 30-35, column 2, lines 
40-41, column 3, lines 30-35 and 60-65). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to specify that the atmosphere for the oxygen outward diffusion heat treatment in Abe 
as modified by Muroi is formed of hydrogen, argon, or nitrogen, as suggested by Inoue. The 
rationale is as follows: A person having ordinary skill in the art would have been motivated to 
use hydrogen, argon, or nitrogen, since Inoue indicates that non-oxidizing atmospheres will 
decrease the surface BMD density and increase the interior BMD density (see Inoue, column 3, 
lines 25-65; table 1), thus resulting in a decrease in defective failure in the wafer devices as well 
as improved yield (see Inoue, column 1, liens 60-67, column 4, lines 20-25, column 5, lines 40- 
54). Since Inoue indicates that use of a mixed nitrogen/oxygen atmosphere is still superior to an 
oxygen atmosphere, alone (as in Abe; see Inoue, table 1, noting that the CZ column uses an 
oxygen heat treatment and the IG uses the nitrogen/oxygen treatment), it is apparent that even if 
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nitrogen is less desirable than hydrogen or argon, it still provides critical improvements over an 
oxygen atmosphere. 

8. Claims 7, ll 7 , 12 7 , 15 7 , and 16 7 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Abe et al. in view of Sueoka. 

Abe discloses a method for forming a high resistance silicon wafer (column 5, lines 45- 
57), the wafer having a resistivity of 100 ohm-cm or more (column 10, lines 55-58; figure 1), an 
initial oxygen concentration of 12 x 10 17 atoms/cm 3 or more (see figure 2; column 11, lines 10- 
15, noting that 24-25 ppma corresponds to the claimed range), and a remaining oxygen 
concentration of less than 12 x 10 17 atoms/cm 3 (column 11, lines 10-15; figure 1), wherein a heat 
treatment process to form an oxygen precipitate nucleus and a heat treatment process for growing 
the oxygen precipitate on the primary silicon wafer are employed (column 13, lines 1-40; figure 
3). 

Abe fails to teach a carbon concentration as claimed. 

Sueoka teaches that inclusion of carbon having a concentration of greater than 0.5 x 10 
16 atoms/cm3 (Sueoka, paragraphs 0010, 0013-0014) into a high resistivity silicon wafer 
including the oxygen precipitates in a manner similar to that in Abe (see Sueoka, paragraphs 
0003-0004) will reduce occurrence of slip dislocations in the wafer (Sueoka, paragraphs 0033- 
0035). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to modify the wafer of Abe, such that it includes carbon at the specified concentration, 
as suggested by Sueoka. The rationale is as follows: A person having ordinary skill in the art 
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would have been motivated to include carbon at the specified concentration, because Sueoka 
shows that inclusion of carbon will reduce the occurrence of slip dislocations in the wafer, thus 
improving the quality and yield for the wafers (Sueoka, paragraph 0007). 

Regarding claims ll 8 , 12 8 , 15 8 and 16 8 , Abe further teaches that the heat treatment 
process sequentially includes an oxygen outward diffusion heat treatment at 1 100 degrees C for 2 
hours (first step in figure 3E); a RTA treatment in a nitrogen atmosphere at 1250 degrees C for 
10 seconds (second step in figure 3E); a treatment for forming an oxygen precipitate nucleus at 
800 degrees C for 4 hours (third step in figure 3E), and a heat treatment for growing the oxygen 
precipitate on the primary silicon wafer at 1000 degrees C for 16 hours (last step in figure 3E; 
also see table 1). 

9. Claims 9 7 and 10 7 are rejected under 35 U.S.C. 103(a) as being unpatentable over Abe et 
al. in view of Sueoka, as applied to claim 7 above, and further in view of Muroi et ah 

Abe fails to teach that the treatment for forming the oxygen precipitate occurs for 5 hours 
rather than 4 hours. 

Muroi teaches that the treatment for forming the oxygen precipitate may last 5 hours 
(paragraph 0007). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to modify the time for the oxygen precipitate forming heat treatment in Abe as 
modified by Sueoka, such that it is 5 hours, as taught by Muroi. The rationale is as follows: A 
person having ordinary skill in the art would have been motivated to use a 5 hour long heat 
treatment, because Muroi shows that such a duration is suitable for forming the high quality, low 
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defect wafer, and may generally be used interchangeably in place of a 4 hour duration (Muroi, 
paragraph 0007). It is further reasonably expected that a person having ordinary skill in the art 
would select a heat treatment duration through routine optimization, such that the time is 
sufficiently long to form the oxygen precipitate nucleus, but sufficiently short so as not to unduly 
increase the fabrication time of the wafer. Although Abe fails to specify a 5 hour long oxygen 
precipitate forming heat treatment, it has been held that "where the general conditions of a claim 
are disclosed in the prior art, it is not inventive to discover the optimum or workable ranges by 
routine experimentation." In re Aller, 220 F.2d 454, 456, 105 USPQ 233, 235 (1955). 

10. Claims 13 7 and 14 7 are rejected under 35 U.S.C. 103(a) as being unpatentable over Abe et 
al. in view of Sueoka, as applied to claim 12 7 above, and further in view of Inoue et al. 

Abe fails to teach performing the oxygen outward diffusion heat treatment in a nitrogen, 
hydrogen, argon, or mixed hydrogen/argon atmosphere. 

Inoue indicates that hydrogen, argon, and nitrogen atmospheres may be employed for 
performing an oxygen outward diffusion heat treatment (column 1, lines 30-35, column 2, lines 
40-41, column 3, lines 30-35 and 60-65). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to specify that the atmosphere for the oxygen outward diffusion heat treatment in Abe 
as modified by Sueoka is formed of hydrogen, argon, or nitrogen, as suggested by Inoue. The 
rationale is as follows: A person having ordinary skill in the art would have been motivated to 
use hydrogen, argon, or nitrogen, since Inoue indicates that non-oxidizing atmospheres will 
decrease the surface BMD density and increase the interior BMD density (see Inoue, column 3, 
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lines 25-65; table 1), thus resulting in a decrease in defective failure in the wafer devices as well 
as improved yield (see Inoue, column 1, liens 60-67, column 4 5 lines 20-25, column 5, lines 40- 
54). Since Inoue indicates that use of a mixed nitrogen/oxygen atmosphere is still superior to an 
oxygen atmosphere, alone (as in Abe; see Inoue, table 1, noting that the CZ column uses an 
oxygen heat treatment and the IG uses the nitrogen/oxygen treatment), it is apparent that even if 
nitrogen is less desirable than hydrogen or argon, it still provides critical improvements over an 
oxygen atmosphere. 

Conclusion 

1 1 . The prior art made of record and not relied upon is considered pertinent to applicant's 
disclosure. 

US 2003/0068890 to Park and US 2003/0054641 to Binns et al. disclose high resistivity 
silicon wafers wherein heat treatment processes are used to decrease the oxygen 
precipitate concentration at the surfaces of the wafer. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Jennifer M. Dolan whose telephone number is (571) 272-1690. 
The examiner can normally be reached on Monday-Friday 8:30am-5:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Carl W. Whitehead, Jr. can be reached on (571) 272-1702. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

Jennifer M. Dolan 

Examiner , 
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CARL WHITEHEAD, JR£-"^ 
SUPERVISORY PATENT EXAMINER 
TECHNOLOGY CENTER 2800 



